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(54) Electrode structure for semiconductor device, method for forming the same, and mounted 
body including semiconductor device 

(57) An electrode structure for a semiconductor 
device and a method for forming the electrode structure, 
and a mounted body including the semiconductor 
device are provided in which the semiconductor device 
can be easily connected to a circuit board with high reli- 
ability. An aluminum electrode (2) is formed on an IC 
substrate (1). A passivation film (5) is formed on the IC 
substrate (1) so as to cover the peripheral portion of the 
aluminum electrode (2). A bump electrode (3) is formed 
on the aluminum electrode (2) by a wire bonding 
method. An aluminum oxide film (4) is formed on the 
surface of the aluminum electrode (2) that is exposed 
around the bump electrode (3). A conductive adhesive 
(8) is applied as a bonding layer to the tip portion of the 
bump electrode (3) of the semiconductor device by a 
transfer method or a printing method. The semiconduc- 
tor device is aligned in the face-down state in such a 
manner that the bump electrode (3) abuts on a terminal 
electrode (7) of a circuit board (6), and is provided on a 
circuit board (14). In this state, the conductive adhesive 
(8) is hardened. A gap between the IC substrate (1) and 
the circuit board (6) is filled with an insulating resin (9). 
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Description 

The present irwertion relates to an electrode struc- 
ture for a Wmiconductbr device mounted on a circuit , 
board and a method for forming the electrode structure, 
and a mounted body including the semiconductor 
device, and more particularly to an electrode structure 
for a semiconductor device) mounted on a circuit board 
in the face-down state and a method for forming the 
electrode structure, khd a mounted body including the 
semiconductor device. 

Conventionally, a semiconductor device is often 
mounted on a circuit board by soldering. In recent 
years, however, the package for the semiconductor 
device has been small-sized and the number of con- 
necting terminals has been increased. Consequently,' 
the space between the connecting terminals has been 
reduced. Thus, it has become gradually harder to apply 
the soldering technique according to the prior art. 

A method for directly attaching the semiconductor 
device onto the circuit board to reduce the mounting 
area so that the circuit board can be used efficiently has 
been proposed. In particular, the following mounting 
method is considered effective because the mechanical 
strength obtained after connecting the semiconductor 
device to the circuit board is great and direct connection 
can be performed (for example, "Microelectronics Pack- 
aging Handbook ; Nikkei BP published on March 27, 
1991"). According to the above-mentioned method, a 
semiconductor device having an electrode structure is 
manufactured in which a deposited film such as an 
adherence metal or a diffusion preventive metal is 
formed on an aluminum electrode in advance when 
connecting the semiconductor device to the circuit 
board and a bump electrode made of a solder is formed 
on the deposited film by a plating method, and the sem- 
iconductor device is provided on the circuit board in the 
face-down state and heated at a high temperature so 
that the solder (bump electrode) and the terminal elec- 
trode of the circuit board are fused. 

According to this method for forming the bump elec- 
trode, the electrode structure is complicated so that a lot 
of steps are necessary. For this reason, a method for 
easily forming the bump electrode on the aluminum 
electrode of the semiconductor device by using the wire 
bonding technique has been proposed (for example, 
Japanese Unexamined Patent Application No. 49- 
52973). 

An example of the electrode structure for a semi- 
conductor device and a method for forming the elec- 
trode structure and the mounted body including the 
semiconductor device according to the prior art will be 
described below with reference to the drawings. Fig. 3 is 
a sectional view showing the electrode structure for the 
semiconductor device according to the prior art. Fig. 4 is 
a sectional view showing the mounted body including 
the semiconductor device according to the prior art. 

As shown in Fig. 3, an aluminum electrode 1 1 is 
formed on an IC substrate 10. A passivation film 13 is 



' formed on the IC substrate 10 so as'lo cover the periph- 
eral portion of the aluminum electrode 11 . A bump elec- 
v trode 12 is formed on the aluminum . electrode 11 by a 

' wire bonding method. > ^ . 
s As shown in Fig. 4, the semiconductor device hav- 
ing the bump electrode 12 is aligned in the face-down • 
4 state in such a manner that the bump electrode 12 
closely comes in contact with a terminal electrode 15 of 
a circuit board 1 4, and is provided on the circuit board 
w 14. The bump electrode 12 and the terminal electrode 
1 5 are fused together by thermo-compression bonding 
or ultrasonic welding. Thus, a mounted body including 
the semiconductor device is obtained. 

However, the semiconductor device having the 
is above-mentioned electrode structure and the mounted 
body including the semiconductor device have the fol- 
lowing problems. 

More specifically, the aluminum electrode is 
exposed around the bump electrode. For this reason, if 
20 water exists in the exposed aluminum electrode portion, 
there is a possibility that aluminum flows out in a com- 
paratively short time so that the semiconductor device is 
not electrically conducted to the circuit board. In order to 
enhance the reliability of a junction, it has been pro- 
25 posed to fill a gap between the semiconductor device 
and the circuit board with an insulating resin. In this 
case, however, there is a possibility that impurity ions 
such as chlorine contained in the insulating resin pro- 
mote the corrosion of the aluminum electrode so that 
30 the semiconductor device is not electrically conducted 
to the circuit board. In the case where an organic board 
such as a glass epoxy board is used for light weight and 
low cost, the corrosion of the aluminum electrode 
becomes more serious because the organic board is 
35 generally permeable to water and a lot of impurity ions 
are present in the organic board. 

In order to solve the above-mentioned problems in 
the prior art, it is an object of the present invention to 
provide an electrode structure for a semiconductor 
40 device and a method for forming the electrode structure 
and a mounted body including the semiconductor 
device in which the semiconductor device can be easily 
connected to a circuit board reliably. 

To accomplish the above-mentioned object, the 
45 present invention provides an electrode structure for a 
semiconductor device which is suitable for mounting on 
a circuit board in the face-down state, comprising a 
bump electrode formed on an aluminum electrode of the 
semiconductor device; and an aluminum oxide film suf- 
so ficient for the prevention of corrosion of the aluminum 
electrode, which is formed on a surface of the aluminum 
electrode exposed around the bump electrode. Accord- 
ing to the electrode structure for the semiconductor 
device, the aluminum electrode is not corroded due to 
55 water and impurity ions when mounting the semicon- 
ductor device on the circuit board. 

In the electrode structure for a semiconductor 
device according to the present invention, it is prefera- 
ble that the aluminum oxide film tor the prevention of 
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corrosion should be obtainedby further oxidizjng a nat?^ 
ural oxide film on the surface of the aluminum electrode., \ ; ; 

In the electrode structure ior^a semiconductor if s*. 
device according to the present invention, it is prefera-^ ^ , 
ble that the thickness of the aluminum wide film ^poqkJ ^ jf 
be 5 to 20 % of the thickness^of the aluminum eiectrpde. ; . 
According to the preferred example, a practical elec- 
trode structure for the semiconductor device can t?e 
obtained. In other words, the thickness of Jhe aluminum : 
oxide film which is smaller than 5 % of the thickness oi 10 
the aluminum electrode is not practical because it is 
very hard to form the aluminum oxide film densely. Fur- 
thermore, the thickness of the aluminum oxide film , 
which is greater than 20 % of the thickness of the alumi- 
num electrode is not practical because the resistance is 
value of the aluminum electrode portion is increased too 
much. 

In the electrode structure for a semiconductor 
device according to the present invention, it is prefera- 
ble that the thickness of the aluminum oxide film should 20 
be 0.05 to 0.2 *m According to the preferred example, 
a practical electrode structure for the semiconductor 
device can be obtained. In general, the thickness of the 
aluminum electrode is about 1 \xm. Consequently, the 
aluminum oxide film having a thickness of 5 to 20 % of 2$ 
the thickness of the aluminum electrode can be 
obtained. 

In the electrode structure for a semiconductor 
device according to the present invention, it is prefera- 
ble that the bump electrode should be made of Au. 30 
According to the preferred example, the surface of the 
bump electrode is not oxidized at the step of forming an 
oxide film on the aluminum electrode of the semicon- 
ductor device. Accordingly, the bump electrode made of 
Au is convenient for the following bonding step. The rea- 35 
son is that if an oxide film is formed between the bond- 
ing layer and the surface of the bump electrode, a good 
electrical conduction cannot be obtained. 

The present invention provides a method for form- 
ing an electrode structure for a semiconductor device <fo 
which is mounted on a circuit board in the face-down 
state, comprising the steps of forming a bump electrode 
on an aluminum electrode of the semiconductor device; 
and forming an aluminum oxide film sufficient for the 
prevention of corrosion on a surface of the aluminum 45 
electrode that is exposed around the bump electrode. 
According to the method for forming the electrode struc- 
ture for a semiconductor device, it is possible to obtain a 
semiconductor device in which the aluminum oxide film 
for the prevention of corrosion is formed on the surface so 
of the aluminum electrode. As a result, the aluminum . 
electrode is not corroded due to water and impurity ions 
when mounting the semiconductor device on the circuit 
board. 

In the method for forming the electrode structure for 55 
a semiconductor device according to the present inven- 
tion, it is preferable that the bump electrode should be 
formed by a wire bonding method using a Au wire. For 
example, the bump electrode is formed by the wire 



bonding method in the following manner. First of all, the 
r^p of the Au wire is fused by thermal energy to form a Au 
ball. Then, the Au ball formed on the tip of the Au wire is 
put on the. aluminum electrode, thereafter, a pressure 
of about 50 g is applied to the Au ball formed on the tip 
of the Au wire at a temperature of about 150°C so as to 
be bonded onto the aluminum electrode by pressure. 
Finally, the Au wire is pulled upward. After the above- 
mentioned steps, the bump electrode made of Au is 
formed on the aluminum electrode. According to the 
preferred example, the bump electrode can be formed 
directly on the aluminum electrode (a general electrode 
material) of the semiconductor device. Consequently, 
the bump electrode can be formed easily on the general 
purpose semiconductor device. 

In the method for forming the electrode structure for. 
a semiconductor device according to the present inven- 
tion, it is preferable that the aluminum oxide film should 
be formed by exposing the semiconductor device hav- 
ing the bump electrode formed thereon to the high-tem- 
perature state. According to the preferred example, the 
aluminum oxide film can be formed efficiently in a short 
time. In this case, the high-temperature state should 
have a temperature of 200 to 300°C. According to the 
preferred example, this temperature range does not 
have a bad influence on the semiconductor device itself, 
that is, disconnection of an internal wiring or the like. 
Consequently, the aluminum oxide film can be formed 
efficiently in a short time. Furthermore, it is preferable 
that the aluminum oxide film should be formed simulta- 
neously at the step of forming the bump electrode at a 
temperature of 200 to 300°C. According to the preferred 
example, the steps of forming the electrode structure for 
the semiconductor device can be simplified. 

In the method for forming the electrode structure for 
a semiconductor device according to the present inven- 
tion, the aluminum oxide film should be formed by 
immersing the semiconductor device having the bump 
electrode formed thereon in ammonium persulfate or 
hydrogen peroxide. According to this preferred exam- 
ple, the aluminum oxide film can be formed efficiently in 
a short time. 

The present invention provides a mounted body 
including a semiconductor device, comprising a circuit 
board having a terminal electrode and a semiconductor 
device mounted on the circuit board in the face-down 
state, a bump electrode formed on an aluminum elec- 
trode of the semiconductor device and an aluminum 
oxide film sufficient for the prevention of corrosion that is 
formed on the surface of the aluminum electrode 
exposed around the bump electrode, the bump elec- 
trode being electrically connected to the terminal elec- 
trode on the circuit board through a bonding layer. With 
the present mounted body including a semiconductor 
device, the aluminum electrode is not corroded due to 
water and impurity ions. As a result, there is no possibil- 
ity that the semiconductor is not electrically conducted 
to the circuit board. Consequently, a mounted body 
including a semiconductor device having high reliability 
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can be obtained. ' • - , ; : 

In the structure for the mounted body includihg a 
semiconductor device according to the present invert*' 
tion, it is preferable thA the circuit board should be 
formed from a board including an organic material. 
According to the preferred example, the following func- 
tions and effects can be obtained. Recently, a board 
containing an organic material such as a glass epoxy 
board, a paper phenol board or the like has been used 
as a circuit board tor light weight and low cost. This kind 
of board* is permeable to water and contains a lot of 
impurity ions therein. However, the aluminum oxide film 
for the prevention of corrosion is formed on the surface 
of the aluminum electrode that is exposed around the 
bump electrode. Consequently, the aluminum electrode 
is not corroded due to water and impurity ions: Accord- 
ing to the preferred example, it is possible to prevent the 
corrosion of the aluminum electrode while obtaining a 
reduction in weight and cost of the semiconductor 
device. 

In the structure for the mounted body including a 
semiconductor device according to the present inven- 
tion, it is preferable that the aluminum oxide film for the 
prevention of corrosion should be obtained by further 
oxidizing a natural oxide film on the surface of the alumi- 
num electrode. 

In the structure for the mounted body including a 
semiconductor device according to the present inven- 
tion, it is preferable that the bonding layer should be 
made of a conductive adhesive. The conductive adhe- 
sive is obtained by mixing an organic binder, which con- 
tributes to adhesion, and a conductive filler, which 
contributes to electric conduction. An epoxy resin, a 
polyimide resin and the like are used as the organic 
binder. Ag, Cu, Au, Pd, Ni and the like having a mean 
volume particle diameter of 2 to 5 jim are used as a con- 
ductive filler. In the case where the epoxy resin is used 
as the organic binder, the content of the conductive filler 
is 60 to 70 % by weight. An amine hardening agent or a 
phenol hardening agent is used. In the case where the 
polyimide resin is used as the organic binder, the con- 
tent of the conductive filler is 60 to 90 % by weight and 
the hardening temperature is about 200°C. According to 
the preferred example, the thermal stress on the junc- 
tion caused by the mismatching of physical property val- 
ues (in particular, coefficients of thermal expansion) of 
the semiconductor device and the circuit board is 
relaxed. Thus, the mounted body including a semicon- 
ductor device can be obtained with high reliability. The 
reason is that the conductive adhesive has excellent 
relaxation ability in stress because it is generally softer 
than an inorganic material such as a solder. 

In the structure for the mounted body including a 
semiconductor device according to the present inven- 
tion, it is preferable that the bonding layer should be 
made of a solder. According to the preferred example, 
the semiconductor device can be mounted at the same 
steps as the mounting of parts other than the semicon- 
ductor device, for example, a chip resistor, a chip capac- 



itor and the like. As a result, the semiconductor device . 
can also be mounted at the reflqw soldering step , 
together -with mother. .parte Jhan the semiconductor . 
- device. Consequently, the process can be simplified. , 

s In the: structure for the mounted body including a 
semiconductor device according to.the present inven- 
tion, it is preferable that a gap between the semiconduc- 
tor device and the circuit board should be filled with an 
insulating resin. An example of the insulating resin is an 

10 epoxy resin. According to the preferred example, the 
junction of the semiconductor device and the semicon- 
ductor device itseH can be protected. In particular, the 
influence of water under high humidity conditions, such 
as the degradation of the junction or the failure of the 

15 semiconductor device, can be eliminated. 

In the structure for the mounted body including a 
< semiconductor device according to the present inven- 
tion, it is preferable that the thickness of the aluminum 
oxide film should be 5 to 20 % of the thickness of the 

20 aluminum electrode. 

In the structure for the mounted body including a 
semiconductor device according to the present inven- 
tion, it is preferable that the thickness of the aluminum 
oxide film should be 0.05 to 0.2 urn. 

25 In the structure for the mounted body including a 
semiconductor device according to the present inven- 
tion, it is preferable that the bump electrode should be 
made of Au. 

The present invention provides a semiconductor 
30 device suitable for mounting on a circuit board, compris- 
ing an aluminum electrode; a bump electrode formed on 
the aluminum electrode; and an aluminum oxide film 
sufficient for the prevention of corrosion of the aluminum 
electrode, which is formed on a surface of the aluminum 
35 electrode exposed around the bump electrode. 

According to the electrode structure for the semi- 
conductor device of the present invention, the aluminum 
electrode is not corroded due to water and impurity ions 
when mounting the semiconductor device on the circuit 
40 board. 

According to the method for forming the electrode 
structure for the semiconductor device of the present 
invention, the semiconductor device in which the alumi- 
num oxide film is formed on the surface of the aluminum 
45 electrode is obtained. As a result the aluminum elec- 
trode is not corroded due to water and impurity ions 
when mounting the semiconductor device on the circuit 
board. 

According to the mounted body including the semi- 
50 conductor device of the present invention, the aluminum 
electrode is not corroded due to water and impurity ions. 
As a result, possibility that the semiconductor device is 
not electrically conducted to the circuit board is greatly 
reduced. Consequently, it is possible to obtain the 
55 mounted body including the semiconductor device 
which is very stable and reliable. 

Figure 1 is a sectional view showing an electrode 
structure for a semiconductor device according to 
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an embodiment of the present invention; :/ . •• 2 
Figure 2 is a sectional view' showing a mounted 
body including the semiconductor devibe acrording 
to the embodiment of the preterit invention* J >■<*"•<■ - 
Figure 3 is a sectional view showing* an i electrode 
structure for the semiconductor device according to 
the prior art; and ' • > 
Figure 4 is a sectional view showing: a mounted 
body including the semiconductor device according 
to the prior art. 
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A preferred embodiment of the present invention . 
will be described below. 

Fig. 1 is a sectional view showing an electrode 
structure for a semiconductor device according to an is 
embodiment of the present invention. Fig. 2 is a sec- , 
tional view showing a mounted body including the sem- 
iconductor device according to the embodiment of the 
present invention. 

As shown in Fig. 1, an aluminum electrode 2 is 20 
formed on an IC substrate 1 . A passivation film 5 made 
of Si0 2 is formed on the IC substrate 1 so as to cover 
the peripheral portion of the aluminum electrode 2. A 
bump electrode 3 is formed on the aluminum electrode 
2 by a wire bonding method. The aluminum electrode 2 25 
has an aluminum oxide film 4 formed on the surface 
which is exposed around the bump electrode 3. If the 
aluminum oxide film 4 is formed on the surface of the 
aluminum electrode 2 that is exposed around the bump 
electrode 3, the aluminum electrode 2 that is not cor- so 
roded due to water and impurity ions when the semicon- 
ductor device is mounted on the circuit board. The bump 
electrode 3 is generally formed by the wire bonding 
method at a comparatively low temperature of about 
150°C. The IC substrate 1 having about 100 aluminum 35 
electrodes 2 only passes through a heat history at a 
temperature of 150°C for a very short time of about 10 
sees. For this reason, a natural oxide film formed on the 
surface of the aluminum electrode 2 during wire bond- 
ing has a thickness of about 0.01 urn and is porous, and 40 
is not sufficient to prevent the corrosion of the aluminum 
electrode 2. 

It is preferable that the thickness of the aluminum 
oxide film 4 should be 5 to 20 % of the thickness of the 
aluminum electrode 2. In general, the thickness of the 45 
aluminum electrode 2 of the semiconductor device is 
about 1 jim. In this case, it is sufficient that the thickness 
of the aluminum oxide film 4 is about 0.1 urn. If the alu- 
minum oxide film 4 is dense (there, is no pin hole), the 
thickness of the aluminum oxide film 4 may be smaller, so 
that is, about 0.05 urn. The thickness of the aluminum . 
oxide film 4 which is smaller than 5 % of the thickness of 
the aluminum electrode 2, that is, 0.05 *im, is not practi- 
cal because it is very hard to form the aluminum oxide 
film 4 densely. Furthermore, the thickness of the alumi- ss 
num oxide film 4 which is greater than 20 % of the thick- 
ness of the aluminum electrode 2, that is, 0.2 urn, is not 
practical because the resistance value of the aluminum 
electrode portion is increased too much. 



By way of example, the aluminum oxide film 4 can 
be formed by exposing the IC substrate 1 having the 
bump electrode.3 provided thereon to the high-temper- 
ature state.(for example, 300°C) in fie air. More specifi- 
cally,^ the ^alurninum oxide film 4 can be formed by a, 
thermal oxidation method. Thus, the aluminum oxide 
film 4 can be formed efficiently in a short time by using . 
the thermal oxidation method, In this case, it is prefera- 
ble that the high-temperature state should have a tem- 
perature of 200 to 300°C. 

It is preferable that the bump electrode 3 should be 
made of Au. The bump electrode 3 made of Au is con- 
venient for the following bonding step because the sur- 
face of the bump electrode 3 is not oxidized at the step 
of forming an oxide film on the aluminum electrode 2. 
This is important because if an oxide film is formed 
between the bonding layer and the surface of the bump 
electrode 3, a good electric conduction cannot be 
obtained. In this case, the bump electrode 3 can be 
directly formed on the aluminum electrode (a general 
electrode material) 2 by the wire bonding method using 
a Au wire in the same manner as in the present embod- 
iment. Consequently, the bump electrode can be easily 
formed on a general purpose semiconductor device. In 
general, the bump electrode is formed by a plating 
method. In this case, a thin film such as an adherence 
layer or a diffusion preventive layer is formed on the alu- 
minum electrode and the bump electrode is then formed 
on the thin film. For this reason, the complicated proc- 
ess and apparatus are required. 

The formation of the bump electrode 3 by the wire 
bonding method will be briefly described below. First of 
all, the tip of the Au wire is fused by thermal energy to 
form a Au ball. Then, the Au ball formed on the tip of the 
Au wire is put on the aluminum electrode. Thereafter, a 
pressure of about 50 g is applied to the Au ball formed 
on the tip of the Au wire at a temperature of about 150°C 
so as to be bonded onto the aluminum electrode by 
pressure. Finally, the Au wire is pulled upward. After 
these steps, the bump electrode 3 made of Au is formed 
on the aluminum electrode 2. By setting a heating tem- 
perature to the high-temperature state during wire 
bonding, that is, 200 to 300°C, the bump electrode 3 can 
be formed on the aluminum electrode 2 and the alumi- 
num oxide film 4 can be formed on the surface of the 
aluminum electrode 2 that is exposed around the bump 
electrode 3. If the bump electrode 3 and the aluminum 
oxide film 4 are formed at the same time, the step of 
forming the electrode structure for the semiconductor 
device can be simplified. 

The method for manufacturing the mounted body 
including the semiconductor device will be described 
below. As shown in Fig. 2, a conductive adhesive 8 is 
applied as a bonding layer to the tip portion of the bump 
electrode 3 of the semiconductor device having the 
above-mentioned structure by a transfer method or a 
printing method. Then, the semiconductor device is 
aligned in the face-down state in such a manner that the 
bump electrode 3 abuts on the terminal electrode 7 of 
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the circuit board 6. Then, the semiconductor device is < 
mounted on the circuit board 6. When the conductive 
adhesive 8 is hardened in this state, the IC substrate 1 -v. 
can be electrically connected to the circuit board 6: 
Finally, a gap between the IC substrate 1 and the circuit 5 
board 6 is filled with an insulating resin 9 such as an 
epoxy resin so that the mounted body including the 
semiconductor device can be obtained. By filling the 
gap between the IC substrate 1 and the circuit board 6 
with the insulating resin 9, the junction between the w 
board and the IC substrate 1 and the IC substrate 1 
itself can be protected. In particular, it is possible to 
eliminate the influence of water at a high humidity, that 
is, the degradation of the junction and the failure of the 
semiconductor device. In the mounted body including 15 
the semiconductor device, the above-mentioned IC sub- 
strate 1, that is, the IC substrate 1 in which the surface 
is exposed around the bump electrode 3, is used and 
has the aluminum oxide film 4 formed thereon. There- 
fore, the aluminum electrode 2 is not corroded due to 20 
water and impurity ions. As a result, there is a greatly 
reduced possibility that the IC substrate 1 is not electri- 
cally conducted to the circuit board 6. Consequently, it is 
possible to obtain the mounted body including the sem- 
iconductor device with high reliability. In addition, it is 2 s 
possible to use, for the circuit board 6, an organic board 
such as a glass epoxy board which is permeable to 
water and contains a lot of impurity ions. Consequently, 
the weight and size of the semiconductor device can be 
reduced. An epoxy resin which is generally used as the 30 
insulating resin 9 is closely bonded to the metal surface 
by causing a hydroxy! group in the resin to generate 
hydrogen bonding with an oxide on the metal surface. 
By using a structure in which the aluminum oxide film 4 
is formed on the surface of the aluminum electrode 2 35 
exposed around the bump electrode 3 as in the present 
embodiment, the adhesion strength on an interface 
between the insulating resin 9 and the aluminum elec- 
trode 2 is enhanced. Thus, the sealing effect of the insu- 
lating resin 9 can be enhanced still more. 40 

If the conductive adhesive 8 is used as a bonding 
layer, the thermal stress on the junction caused by the 
mismatching of physical property values (in particular, 
coefficients of thermal expansion) of the IC substrate 1 
with the circuit board 6 is relaxed so that the mounted 45 
body including the semiconductor device can be 
obtained with high reliability. The reason is that the con- 
ductive adhesive has excellent relaxation ability in 
stress because it is softer than an inorganic material 
such as a solder. The conductive adhesive is obtained so 
by mixing an organic binder which contributes to adhe- 
sion with a conductive filler which contributes to electric 
conduction. An epoxy resin, a polyimide resin and the 
like are used as the organic binder. Ag, Cu, Au, Pd, Ni 
and the like which have a mean volume particle diame- ss 
ter of 2 to 5 11m are used as the conductive filler. If the 
epoxy resin is used for the organic binder, the content of 
the conductive filler is 60 to 70 % by weight and amine 
and phenol hardening agents are used. If the polyimide 



resin is used as the organic binder, the content of the 
conductive filler is 60 to 90 % by weight and the harden- 
ing temperature is about 200°C. 

In the present embodiment, the bump electrode 3 is 
formed by the wire bonding method, which should not. 
be construed as being restricted, if the bump electrode 
3 is directly formed on the aluminum electrode 2, an 
electroless plating method may be used. 

While the conductive adhesive 8 is formed as the 
bonding layer on the' bump electrode 3 by the transfer 
method or the printing method, the bonding layer 
instead may be formed on the terminal electrode 7 of 
the circuit board 6 in advance. 

While the conductive adhesive 8 is used as the 
bonding layer in the present embodiment other bonding 
materials such as a solder may be used. In particular, if 
the solder is used as the bonding layer, the semicon- 
ductor device can be mounted at the same steps as the 
mounting of parts other than the semiconductor device, 
for example, a chip resistor, a chip capacitor and the 
like. As a result, the semiconductor device can collec- 
tively be mounted at the ref low soldering step together 
with parts other than the semiconductor device. Conse- 
quently, the process can be simplified. 

While the aluminum oxide film 4 is formed by the 
thermal oxidation method in the present embodiment, 
another method for oxidizing the surface of the alumi- 
num electrode 2 may be used. As one example, the 
semiconductor device having the bump electrode 3 
formed thereon is immersed in ammonium persulfate or 
hydrogen peroxide so as to form the aluminum oxide 
film 4. 

While the semiconductor device which is mounted 
on the circuit board in the face-down state has been 
described as an example in the present embodiment, 
the present invention can be applied to the case where 
other mounting methods are used. 

Claims 

1. An electrode structure for a semiconductor device 
which is suitable for mounting on a circuit board in 
the face-down state, comprising: 

a bump electrode formed on an aluminum elec- 
trode of said semiconductor device; and 
an aluminum oxide film sufficient for the pre- 
vention of corrosion of the aluminum electrode, 
which is formed on a surface of said aluminum 
electrode exposed around said bump elec- 
trode. 

2. The electrode structure for a semiconductor device 
as defined in Claim 1 , wherein said aluminum oxide 
film for the prevention of corrosion is obtained by 
further oxidizing a natural oxide film on the surface 
of said aluminum electrode. 

3. The electrode structure as defined in claim 1 or 2, 
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wherein the thickness of said aluminum oxide film is & ko&i 
5 to 20 % of . the thickness\df said aluminum elec*r><-£ ico 

trode. i. ' vsci. *.r.:*qro*s n* 5 

The electrode structure as defined- incclaim 1, 2 or (k«t.>v 
3, wherein the thickness of .said aluminum oxide- -n. -13. 
film is 0.05 to 0.2 nm. 



6. 



7. 



The electrode structure as defined in any of claims 
1 to 4, wherein said bump electrode is made of Au. 
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11 



14. 



A method for forming an electrode structure for /a 
semiconductor device which is to be mounted on a 
circuit board in the facedown state, comprising the ,< 
steps of: , 



forming a bump electrode on an aluminum' 
electrode of said semiconductor device; and 
forming an aluminum oxide film sufficient for, 
the prevention of corrosion on a surface of said 
aluminum electrode that is exposed around 
said bump electrode. 



The method for forming an electrode structure for a 
semiconductor device as defined in Claim 6, 
wherein the bump electrode is formed by a wire 
bonding method using a Au wire. 

The method for forming an electrode structure for a 
semiconductor device as defined in claim 6 or 7, 
wherein said aluminum oxide film is formed by 
exposing said semiconductor device having said 
bump electrode formed thereon to the high-temper- 
ature state. 

The method for forming an electrode structure for a 
semiconductor device as defined in Claim 8, 
wherein the high-temperature state has a tempera- 
ture of 200 to 300°C. 

The method as defined in any of claims 6 to 9, 
wherein said aluminum oxide film is formed simulta- 
neously at the step of forming the bump electrode 
at a temperature of 200 to 300°C. 

The method as defined in any of claims 6 to 10, 
where said aluminum oxide film is formed by 
immersing said semiconductor device having said 
bump electrode formed thereon in ammonium per- 
sulfate or hydrogen peroxide. 
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12. A mounted body including a semiconductor device, 
comprising a circuit board having a terminal elec- 
trode and a semiconductor device mounted on said 
circuit board in the face-down state, a bump elec- 
trode formed on an aluminum electrode of said 
semiconductor device and an aluminum oxide film 
sufficient for the prevention of corrosion which is 
formed on the surface of said aluminum electrode 



exposed 1 around said bump electrode, the bump 
electrodabeing electrically connected to said termi : 
nal electrode on said circuit board through a bond- 
ing layer. ;• , ., . , , . 

The mounted body including a semiconductor 
device as defined in Claim 12, wherein said circuit 
board is formed from a,board including an organic 
material." - - ... 

The mounted body including a semiconductor 
device as defined in claim 12 or 13, wherein said 
aluminum oxide film for the prevention of corrosion 
is obtained by further oxidizing a natural oxide film 
on the surface of said aluminum electrode. 



15. The mounted body as defined in claim 12, 13 or 14, 
wherein said bonding layer is made of a conductive 
adhesive. 

1 6. The mounted body as defined in any of claims 1 2 to 

15, wherein said bonding layer is made of a solder. 

1 7. Hie mounted body as defined in any of claims 1 2 to 

16, wherein a gap between said semiconductor 
device and said circuit board is filled with an insulat- 
ing resin. 

1 8. The mounted body as defined in any of claims 1 2 to 

17, wherein the thickness of said aluminum oxide 
film is 5 to 20 % of the thickness of said aluminum 
electrode. 

19. The mounted body as defined in any of claims 12to 

18, wherein the thickness of said aluminum oxide 
film is 0.05 to 0.2 jim. 

20. TTie mounted body as defined in any of claims 12 to 

19, wherein said bump electrode is made of Au. 

21. A semiconductor device suitable for mounting on a 
circuit board, comprising 

an aluminum electrode; 

a bump electrode formed on said aluminum 

electrode; and 

an aluminum oxide film sufficient for the pre- 
vention of corrosion of said aluminum elec- 
trode, which is formed on a surface of said 
aluminum electrode exposed around said 
bump electrode. 
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(54) Electrode structure for semiconductor device, method for forming the same, and mounted 
body including semiconductor device 



(57) An electrode structure for a semiconductor 
device and a method for forming the electrode structure, 
and a mounted body including the semiconductor 
device are provided in which the semiconductor device 
can be easily connected to a circuit board with high reli- 
ability. An aluminum electrode (2) is formed on an IC 
substrate (1). A passivation film (5) is formed on the IC 
substrate (1) so as to cover the peripheral portion of the 
aluminum electrode (2). A bump electrode (3) is formed 
on the aluminum electrode (2) by a wire bonding 
method. An aluminum oxide film (4) is formed on the 
surface of the aluminum electrode (2) that is exposed 



around the bump electrode (3). A conductive adhesive 
(8) is applied as a bonding layer to the tip portion of the 
bump electrode (3) of the semiconductor device by a 
transfer method or a printing method. The semiconduc- 
tor device is aligned in the face-down state in such a 
manner that the bump electrode (3) abuts on a terminal 
electrode (7) of a circuit board (6), and is provided on a 
circuit board (14). In this state, the conductive adhesive 
(8) is hardened. A gap between the IC substrate (1) and 
the circuit board (6) is filled with an insulating resin (9). 
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